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(g) Wavelength division multiplex optical transmission system using optical amplification. 



(g) In a wavelength division optical transmission 
system incorporating, optical amplifiers, an 
identifying pilot tone is modulated on to each 
multiplexed wavelength. Each system amplifier 
determines from the pilot tones the total num- 
ber of wavelengths being transmitted and there- 
by provides a corresponding adjustment of the 
amplifier gain. This prevents overamplification 
when one or more wavelengths is missing from 
the multiplexed signal e.g. as the result of a 
transmitter fault. 
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This invention relates to optical transmission sys- 
tems, and in particular to systems in which transmit- 
ted signals are wave division multiplexed. 

Wave division multiplexing (WDM) is being intro- 
duced as a means of increasing the traffic handling 
capacity of optical fibre transmission systems. In a 
WDM system each individual fibre carried signals at 
a number of wavelengths, typically four. When these 
signals are transmitted over long distances, periodic 
regeneration of the signals is necessary. Currently, 
this amplification is generally effected by demulti- 
plexing the different wavelengths and then convert- 
ing the light signals to corresponding electrical sig- 
nals. These electrical signals are regenerated and 
then reconverted to light signals. 

In an effort to reduce equipment costs, attempts 
have been made to replace the optoelectronic regen- 
erators with optical amplifiers, e.g. erbium fibre am- 
plifiers. Such amplifiers have the advantage both of 
relatively low cost and the ability to amplify all the wa- 
velengths without the need for demultiplexing. 

In most single wavelength optically amplified 
transmission systems, each optical amplifier is ar- 
ranged to provide a substantially constant total mean 
power output to ensure that transmission quality is 
maintained. Attempts to introduce amplifiers of this 
type to WDM systems have not proved successful. 
The basic problem is that of determining the appropri- 
ate amplification factor of an amplifier from the input 
signal power. Current signals measure the total input 
power irrespective of wavelength. If all the multiplexer 
wavelengths are present at the input of an amplifier 
then an appropriate amplification factor can be deter- 
mined. However is one or more wavelength is missing 
from the input signal, e.g. under fault conditions, this 
causes a corresponding drop in the total input power. 
To compensate for this power drop the amplifier in- 
creases its gain and this amplifies the remaining wa- 
velength with an effectively increased gain factor re- 
sulting in too high an output power from these wave- 
lengths. For example, temporary loss of three wave- 
lengths in a four-wavelength WDM system can result 
in a 6 dB increase in the power output of the remaining 
wavelength. This can incur serious penalties arising 
from non-linearity induced by spectral broadening. In 
particular, this spectral broadening results in an in- 
creased time dispersion of the signal. 

The object of the present invention is to minimise 
or to overcome this disadvantage. 

According to the invention there is provided a wa- 
velength division multiplex (WDM) optical transmis- 
sion system, including a transmitter, a receiver and an 
amplified optical transmission path therebetween, 
wherein the transmitter has means for associating 
identification signals one with each transmitted wa- 
velength, and wherein each amplifier of the transmis- 
sion path has means for determining from the identi- 
fication signal the number of wavelengths present on 



the transmission path whereby to control the total 
power output of that amplifier. 

Typically, each identification signal comprises a 
unique pilot tone that is modulated on to the optical 
5 carrier. 

The technique may be employed both for landline 
and submarine applications. 

Embodiments of the invention will now be descri- 
bed with reference to the accompanying drawings in 
10 which:- 

Fig. 1 is a schematic diagram of a wave division 
multiplex (WDM) optical transmission system; 
Fig. 2 illustrates an amplifier station construc- 
tions for use in the system of Fig. 1; and 
15 Fig. 3 shows a gain control arrangement for use 

in the amplifier station of Fig. 2. 
Referring to Fig. 1, the wavelength multiplex 
transmission system includes a transmitter station 
11 , a receiver station 1 2 and an optical fibre transmis- 
20 sion path 13, therebetween. Signals transmitted 
along the path 1 3 are amplified by amplifier stations 
14 disposed at spaced intervals along the path. 

The transmitter station 11 incorporates multiplex- 
ing means whereby a number of wavelengths (typi- 
25 cally four) carrying information signals from inputs 
IP1 to IP4 are multiplexed on to a single transmission 
fibre 13. Similarly the receiver station 12 incorporates 
a demultplexer whereby the transmitted signals are 
received at outputs OP1 to OP4. Each amplifier sta- 
30 tion 14 amplifies all wavelengths present on the 
transmission path. 

In addition to the communications/data traffic 
carried by the light signals on the fibre path 13, the 
transmitter modulates each transmitted wavelength 
35 with a characteristic identification signal or pilot tone 
unique to that wavelength. 

Referring now to Fig. 2, this shows in schematic 
form an amplifier station construction for use in the 
transmission system of Fig. 1. Signals transmitted 
40 along the transmission path 13 are amplified by an 
amplifier 141, typically ain erbium fibre amplifier, 
whose gain is controlled via a gain control circuit 21. 
At either the input or the output of the amplifier 141, 
the transmission fibre 1 3 is provided with a coupler 22 
45 whereby a small proportion of the transmitted light is 
fed via a fibre 23 to the gain control circuit 22. The cir- 
cuit 22 recovers the identification signal from each 
wavelength present in the multiplexed transmitted 
signal and thus determines the number of wave- 
50 lengths present in the signal. As a result of this deter- 
mination, the gain control circuit provides an output 
•signal to the amplifier 141 whereby to control the am- 
plifier gain. Typically, this output signal is used to con- 
trol the power output of a pump laser (not shown) as- 
55 sociated with the amplifier. 

Fig. 3 shows the gain control circuit in more de- 
tail. The received light signals are converted to corre- 
sponding electrical signals by detectors 31 whose 
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output is coupled via a pre-amplif ier 32 to a number 
of detector circuits 33, there being one circuit 33 for 
each multiplexed wavelength. Each detector circuit 
33 responds only to its respective identification signal 
and in response thereto provides an output to a con- 
trol circuit 34. The control circuit counts the total num- 
ber of enabled inputs, and outputs a corresponding 
gain control signal whereby to determine the gain of 
the associated optical amplifier. 

The identification signal may comprise a pilot 
tone that is amplitude modulated on the respective 
optical carrier. For example, pilot tones of 1 .533MHz, 
1 .545MHz and 1 .557MHz could be modulated on car- 
riers of wavelength 1 .533 microns, 1 .545 microns and 
1.557 microns respectively. The presence of a pilot 
tone then indicates the presence of the corresponding 
carrier. Where a pilot tone of this type is employed, 
each detector 33 (Fig. 3) may comprise a phase 
locked loop voltage controlled oscillator and an asso- 
ciated phase sensitive detector which produces a rep- 
resentation of the optical spectrum. 

Alternatively, each detector may comprise an 
electrical filter and a diode detector. 

By identifying the presence or absence of each 
pilot tone, the control circuit 34 (Fig. 3) determines the 
output signal to control the gain of the optical ampli- 
fier at an appropriate level. 

In a further application, the control circuit may de- 
termine the amplitude of each tone whereby to pro- 
vide a more sophisticated gain control function. This 
control function may also take into account differenc- 
es in amplitude between channels, a knowledge of 
the non-linear power limits of the route (due to the 
strongest channel) and the signal to noise problems 
on the weakest channel. 

In a further embodiment each identification sig- 
nal may comprise a unique digital code modulated on 
to the respective wavelength. With such a technique, 
each detector 33 (Fig. 3) may be provided with a mem- 
ory for storing the respective code and means for de- 
tecting a match of the code with the received signals. 

In a further development of the technique descri- 
bed above, the gain control mechanism may be 
adapted to maintain a power balance between differ- 
ent wavelength channels in a system having non-flat 
gain/wavelength characteristics. The cause of this 
departure from the ideal flat response may for exam- 
ple be non-flatness of the gain mechanism, pump 
combining couplers or the wavelength dependancy of 
the fibre less. The signal power measurement system 
described above may be employed to provide an input 
to a control loop which flattens the overall system 
gain. This may, for example, be achieved by changing 
the ratio of the pump power from two lasers which 
would be of different wavelength (e.g. 980 and 1480 
nanometres) or by the use of co - and counterpump- 
ing. As the gain characteristic is sensitive to these fac- 
tors, sufficient variation of the overall gain may be 



provided to achieve a substantially flat response. 



Claims 

5 

1. A wavelength division multiplex (WDM) optical 
transmission system, including a transmitter, a 
receiver and an amplified optical transmission 
path therebetween, wherein the transmitter has 

10 means for associating identification signals one 

with each transmitted wavelength, and wherein 
each amplifier of the transmission path has 
means for determining, from the Identification 
signals the number of wavelengths present on 

15 the transmission path whereby to control the total 

power output of that amplifier. 

2. A WDM transmission system as claimed in claim 
1, wherein each said identification signal com- 

20 prises a pilot tone amplitude modulated on the re- 

spective optical carrier 

3. A WDM transmission system as claimed in claim 
1 , wherein each said identification signal com- 

25 prises a digital code modulated on the respective 

optical carrier. 

4. A WDM transmission system as claimed in claim 

1 , 2 or 3, and further comprising means for deter- ~ 
30 mining the amplitude of each said multiplexed 

wavelength. 

5. A WDM transmission system as claimed in any 
one of claims 1 to 4, wherein each said amplifier 

35 incorporates a laser pumped amplifying fibre, the 

amplifier gain being determined by control of the 
pump power of the laser. 

6. A wavelength division multiplex optical transmis- 
40 sion system substantially as described herein 

with reference to and as shown in the accompa- 
nying drawings. 

7. A method of wavelength division multiplexed opt- 
45 ical transmission substantially as described here- 
in with reference to and as shown in the accom- 
panying drawings. 
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